Abstract
Preparation of biosorbent and characterisation

95
The cabbage waste was cut into small pieces and washed twice with tap and then distilled 96 water. After air drying, cabbage was dried further at 105 °C for 24 h. Subsequently, the dried 97 cabbage was ground into powder (75-300 µm) and kept in air-tight containers for experiments.
98
A BET surface area of cabbage waste was measured by Micrometric Gemini 2360, UK. The isotherm parameter and q m , maximum adsorption capacity (mg/g).
147
Langmuir isotherm can be modified to multi-metals isotherm by introducing some interaction 148 factors (Padilla-Ortega et al., 2013; Srivastava et al., 2008) : For Pb(II): ith a binary solution of metals (i = 1&2 and j = 2) the equation (2) 
For Cd (II):
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(i = 1, 2, 3 &4 and j = 4), the adsorption system can be 187 formulated by reforming the equation (2) For Cu(II):
191
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Characterization of biosorbent with FTIR and SEM
204
The surface structures of biosorbents produced from cabbage waste was analysed by an SEM.
205
Generally, the micro-graphs revealed that it contained asymmetrical particles. In lower 
Effect of pH
the pH of 2 and 9.5 (Fig.1) and Bruun Hansen, 2007) . Fig.1 shows that the adsorption
increased with an increasing of pH from 2.2 to 7.0. Cu(II) adsorption by 
Adsorption behaviour in ternary solutions
301
Wastewaters may contain more than one metal ion and therefore, the examination of multiple 
Zn , and K L-Cd are higher in the case of the binary, ternary and quaternary system than the value 338 of K L derived for the single metal system using the Langmuir sorption isotherm for single-339 metal (Tables 1, 2 , 3 and 5). This means that the affinity of cabbage biosorbent for metal ions 340 was reduced in multi-metals metal system. The real wastewater is the mixture of several metal matrices and interference/competition is the 404 common among the metals and others organic and inorganic components (Raize et al., 2004) .
Competitive adsorption in multi-metal systems
405
To understand the interference in a real wastewater more closely, a quaternary system of Pb- The extent of adsorption of the most dominant metal ion i.e., Pb(II) ion reduced to 28. joined with complexation was found to be the most probable mechanism
cabbage waste in the biosorption process. The metal for Pb(II) and Cd(II) in a single-metal situation, the equilibrium uptakes of Pb(II) and Cd(II) in 444 the binary, ternary and quaternary mixture decreased because of the levels of interference
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